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We present results of supersymmetric (SUSY) particle searches from the Collider Detector at
Fermilab (CDF). First we describe searches for a charged Higgs boson and a stop squark, which
could be produced in top quark decays. We also search for chargino-neutralino production using a
trilepton signature. Finally, we investigate R-parity violating squark and LSP decay modes which
have been proposed to accommodate the excess of high-Q? events at HERA. No evidence for SUSY

is found, and limits are placed on these processes.

1. Introduction

We perform searches for supersymmetric
(SUSY) particles using 110 pb™* of pp col-
lisions at the center-of-mass energy of /s =
1.8 TeV, recorded by the Collider Detector at
Fermilab (CDF) between 1992 and 1995. First,
we describe searches for a charged Higgs bos-
on (H*) and a light stop squark (¢1) which
could be produced in top quark decays. The
large top quark mass of Myop = 175 GeV/c? al-
lows us to probe a mass range for the H* and
the #; which would be inaccessible if these par-
ticles were only produced directly in pp colli-
sions. Next, we describe a search for chargino-
neutralino ()Zli %3) production using a trilepton
signature, which has a small standard mod-
el (SM) background. Finally, we investigate a

*Expanded version of conference proceedings submitted
to the International Workshop on Quantum Effects
in the MSSM, Universitat Autbnoma de Barcelona,
Barcelona, Spain, 9-13 September 1997.

model which predicts the existence of R-parity
violating (R,) squark production and decay to
explain the excess of high-Q? events at HERA.
An R-parity violating LSP (%}) decay mode
is also investigated. Both of these R, decays
would result in a like-charge dilepton signature.

Notable omissions to this talk include
searches for squarks and gluinos using miss-
ing energy + jets final states [1] or like-charge
dilepton final states [2], as well as SUSY
searches which are motivated by the obser-
vation of an anomalous event with two high-
Pr electrons, two high- Py photons, and miss-
ing energy (F:) which was observed at CDF
in April 1995 [3]. Searches for neutral Higgs
bosons are discussed in reference [4].

The CDF detector, described in detail in
reference [5], consists of tracking detectors
which are located inside a 1.4 Tesla super-
conducting solenoid magnet, surrounded by
calorimeters and muon chambers. To suppress



background in our ¢ = H*b and t — £ %
searches, we identify b quarks by reconstruct-
ing secondary vertices from b decays with a sili-
con vertex detector (SVX), which is positioned
immediately outside the beampipe. At least
one secondary vertex (SVX b-tag) is detected
in (39 + 3)% of all SM ¢ decays [6]. To search
for LSPs which may be produced in SUSY par-
ticle decays and escape detection, we measure
missing energy in the plane transverse to the
beam (E:) with a resolution of approximately
0.7/XET, where L Er is the sum of transverse
energy recorded in an event.

2. Searches for charged Higgs bosons

Many SUSY models predict the existence
of two Higgs doublets where one doublet cou-
ples to the up-type quarks and neutrinos, and
the other couples to the down-type quarks
and charged leptons [7]. In these theories,
electroweak symmetry breaking produces five
Higgs bosons, three of which are neutral and
two of which are charged (H¥).

At the Fermilab Tevatron, if Mg+ + Mp <
M op, then the primary mechanism for charged
Higgs production is the top decay t — H¥b,
which competes with the SM decay t = W*b.
The ratio of vacuum expectation values of the
two Higgs doublets, tanf, determines the dom-
inant decay mode for the top quark and the H*
(Figure 1). We expect to be sensitive to a large
top quark branching fraction B(t — H*b), cor-
responding to the regions tan8 < 1, where the
decay H*¥ — cs dominates, and also tan8 >
50, where H* decays exclusively to Tv.

We use two methods to search for H*. The
first method is a direct search for tf events
which contain one or two H* — v decays, for
large values of tanf3 [8]. The second method
is an indirect search which uses the results of
our top counting experiments to set limits for
small and large values of tang.
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Figure 1: Branching fractions of the top quark and the
charged Higgs boson as a function of tang, for My+ =
120 GeV/c?.

2.1. A direct search for HX¥ — 1v in tf
events at large tanp

For tanf8 > 100, often both top quarksin a
tt event decay via t = H*b — Tvb, producing
final states with two tau leptons, two b-quarks,
and F;. For 30 < tan8 < 100, ¢ frequent-
ly decays to WbHD, resulting in a final state
with one tau lepton, two b-quarks, F, and the
decay products from a W boson.

Candidate events must have one of two dis-
tinctive topologies. The first topology is a
“rjjX + B.” final state, where the 7 lepton
decays hadronically, “j” is a jet, and “X” is
a jet or a lepton (e, u, or 7). At least one of
the jets must originate from a displaced vertex
(SVX b-tag). The second topology is designed
to select tt — HbHb events for a My+ which
is close to Myop. A 77 + Er signature is ex-
pected, since the b-jet energies in these events
often fall below the jet Er requirement of the
1§ X + E. topology.

For the 7jjX + K. final state, one tau
lepton must have Er > 20 GeV, while any
other tau lepton is required to have Er >
10 GeV. Jets must have an uncorrected Er
> 10 GeV. For the ditau final state, both tau
leptons must have Er > 30 GeV. To reduce
Z — 71 background, they must not be op-
posite in azimuth (A¢,, < 160°). Both final



state topologies require E; > 30 GeV. If the
K. arises due to jet mismeasurement, usually
the B will point toward a jet. To remove this
background, which becomes diminished with
increasing K., we require that the events to
satisfy A¢/deg + Er/GeV > 60, where A¢
is the minimum angle in azimuth between an
identified object in the event and the ..

Both topologies rely on effective identifica-
tion of hadronic 7 decays. Tau lepton identifi-
cation begins with a jet, which must have one
or three charged particles in a 10° cone about
the jet axis and no additional charged parti-
cles in a cone of 30°. The Er of the calorimeter
cluster must exceed 10 GeV, and the largest Pr
of the associated charged particle must exceed
10 GeV/c. Its mass M., which is determined
from tracks and electromagnetic calorimeter
energy deposits, must be consistent with that
of a tau lepton M, < 1.8 GeV/c?. Figure 2
shows the charged track multiplicity distribu-
tion for tau candidates in a sample which is
enriched in W% — 7v + 3 jets events, which
are as complex as tf events.

Seven candidate events (all with a TjjX +
F. topology) are observed in 100 pb~! of data,
with an expected background of 5.1 £ 1.3 7jj X
+ B events, and 2.2 £ 1.3 ditau events. Most
of the background is due to QCD and W, Z +
jet(s) events in which a jet mimics (“fakes”)
the signature of a tau lepton.

For a variety of H* masses, we use the
ISAJET v7.06 [9] Monte Carlo program to cal-
culate the efficiency for tf - WbHb and tf —
HbHDb events to pass the selection criteria used

- to find candidate H* events. The total num-
ber of expected events is shown as a function
of tang in Figure 3, for Mg+ = 100 GeV/c?,
and the tf cross sections o4z = 5.0 pb and
7.5 pb. The value of 5.0 pb is the theoreti-
cal expectation [10] for the measured top mass
of 175 GeV/c? [11], while the second value is
taken to be 50% larger to illustrate sensitivity
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Figure 2: The charged particle multiplicity for tau can-
didates in the data sample which is collected with the
Br trigger, and used for the direct HE — 7v search.
Cuts have been applied to this sample to enhance the
signal from W+ — rv 4 >3 jets events.
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Fiiure 3: The number of expected events in the direct
HZ - 7v search for Mg+ = 100 GeV/c? Results are
shown for ¢,z = 5.0 pb (dashed) and 7.5 pb (solid).

to the assumed value of oz. With a 25% sys-
tematic uncertainty on the number of expected
events, this analysis excludes values of Mpy=
and tang for which 8.9 or more signal events
are predicted. Figure 4 shows the excluded re-
gion in the Mg+ vs. tanf plane. For large val-
ues of tanB, My+ > 147 GeV/c? (158 GeV/c?)
are excluded, assuming o = 5.0 pb (7.5 pb).
These results are published in reference [8],
where it is shown that additional parameter
space can be excluded by taking into account
the observed number of SM ¢t decays.
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Figure 4: Excluded regions of parameter space in the charged Higgs search. The direct search, for ¢ events which
contain at least one HE — 7v decay, excludes the regions at high tang to the right of the solid and dashed
lines. The indirect search, which uses the results from the top counting experiments, excludes shaded regions at
low tang and high tan3. The limits from the direct search are based on observing a deficit of events compared
to the number predicted within the two-Higgs-doublet model , and become stronger for a larger assumed oy;.
In contrast, the limits from the indirect search are based on observing an excess of SM ¢ decays, and become

weaker with increasing o;;z.

2.2. Search for HE which uses the re-
sults from the top counting experiments.

At low tanf8, where the decay H* — cs is
common, a direct search for a dijet mass res-
onance is difficult. Instead, we examine the
effect that the decay mode t — H*b would
have on it decay rates to eevv + jets, euvv +
jets, and puvv + jets (“dilepton”) final states,
as well as ev + jets and uv + jets (“lepton
+ jets”) final states. Within the SM, where
tt decays to WbWb nearly 100% of the time,
dilepton events are produced primarily when
both W bosons decay to ev or uv. Lepton +
jets events are produced primarily when only
one W decays to ev or pv, and the other W
decays to light quarks.

In each decay channel, the observed num-
ber of events is consistent with the expected
number of events, assuming that #f decays ex-
clusively to WbWb [6]. We observe 9 dilepton
events and 34 lepton + jets events. Table 1
shows the observed number of signal events af-
ter background subtraction of non-tf processes

dilepton lepton + jets

o =50pb | 41+£0.5 20.0 £ 3.0

o =75pb | 6.1+07 30.0 £ 4.5
observed | 6.5 £ 3.0 23.4 £+ 6.0

Table 1: Number of expected signal events from tf
production in the top dilepton channel and the lep-
ton +jets channel, only assuming the decay ¢t — Wb.
Results are given for two different ¢ cross sections, and
are shown with the number of observed events in each
channel after background subtraction of non-t process-
es.

in each channel [12]. Also shown is the ex-
pected number of events for o,z = 5.0 pb and
7.5 pb, assuming B(t - W*b) = 1.0.

If B(t = H*b) were large, the tf decay rate
to each of these two final state topologies would
be significantly smaller than the correspond-
ing rate predicted within the SM. This is true
whether H* decays predominantly to cs or 7v.
We use the PYTHIA v5.7 [13] Monte Carlo pro-
gram to find the efficiency for ¢ events with
charged Higgs decays to pass the selection cri-
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Figure 5: Number of expected events in the dilepton channel (left) and the lepton plus jets channel (right) as a
function of tang, for M+ = 120 GeV/c?. Results are shown for o,z = 5.0 pb and 7.5 pb.

teria of the dilepton and lepton + jets chan-
nels. For My« = 120 GeV/c?, Figure 5 plots
the number of expected events as a function
of tang, both for the dilepton channel and the
lepton + jets channel. Results are shown for
o = 5.0 pb and 7.5 pb.

For tang = 0, the dominant decay mode for
tf is HbHb, where both charged Higgs bosons
decay to ¢s. This all-hadronic final state has
a negligible efficiency for passing the selection
criteria of either channel, because of the ab-
sence of F or isolated leptons from W decay.

For tan3 > 30, tt events typically contain
one or two ¢t = H*b — Tvb decays, which are
not as efficient as ¢ - Wb decays for produc-
ing high-Pr electrons or muons. As a result,
efficiencies for these events to pass the selec-
tion criteria of either channel are reduced from
their SM values.

Parameter space is excluded where a signif-
icant excess of SM % events is observed above
the number that is predicted within the two-
Higgs-doublet model. The dilepton and lepton
+ jets data samples are summed, and treated
as a single counting experiment. We exclude
values of tanf, Mg+ and o4 if the probability
for finding a total number of events at least
as large as the observed number (9+34=43

events) is less than 5%. This probability is
calculated from a Poission distribution with a
mean equal to the number of expected events
for the assumed values of Mg+ and tanf. The
mean is smeared by a Gaussian that has a
width set equal to the total systematic error,
which arises from a 12% uncertainty on the
number of expected dilepton events and a 16%
uncertainty on the number of expected lepton
+ jets events. Figure 4 shows the excluded re-
gion from this analysis in the Mg+ vs. tanf
plane along with the excluded regions from the
direct H* — 7v search at CDF. Using the
theoretical value o,z = 5.0 pb, we infer that
B(t - H*b) < 33% (37%), at the 95% C.L.,
assuming the decay H* — cs (tv) dominates.
These limits are valid for 60 GeV/c? < Mg+
< 170 GeV/c2.

To exclude parameter space without assum-
ing a value for o4z, we measure oy using the
observed number of lepton + jets events, and
exploit the fact that a large B(t — H*b — csb)
suppresses dilepton events more severely than
lepton + jets events. This occurs because t
decay products WbWb and WbHb both con-
tribute events to the lepton + jets channel, but
only WbWb contributes to the dilepton chan-
nel. As B(t — H*b) — 1, B(tf - WbWb)
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Figure 6: Jet transverse energy distributions for w* + >3 events which have at least one SVX b-tagged jet,
and pass the kinematic selection criteria that is designed to enhance a SUSY stop signal and minimize non-tf
background. The plots in the top row show the jet Ep distributions for the second-highest E'r jet, while plots
on the bottom show the jet Eq distribution for the third-highest Er jet in the events. On the left are Monte
Carlo distributions for SM ¢ decays, as well as SUSY tf decays which contain at least one t — f)'(? decay. The
corresponding distributions formed by the 9 data events are shown on the right.

decreases much more rapidly than B(tt —
WDbHD), resulting in a ratio of dilepton to lep-
ton + jets events which approaches zero at very
small tan83. In contrast, the ratio observed in
the data is 0.27 £ 0.15, which is consistent with
the SM value of 0.203 + 0.041.

First we use the observed number of lep-
ton + jets events to measure o, and then we
determine the expected distribution of dilep-
ton events, taking into account tf detection ef-
ficiencies which are calculated for assumed val-
ues of Mg+ and tanB. These assumed values
are excluded if the probability for finding at
least the observed number of dilepton events
is less than 5%. Figure 4 shows the regions of
parameter space excluded at small tang, using
this “ratio method”. We infer B(t — H*b) <
70% at the 95% C.L., for 60 GeV/c?* < My=
< 165 GeV/c2.

To calculate the indirect limits which are
described in this section, we assume that no
other processes besides #Z with charged Higgs

decays, and other known SM backgrounds,
contribute to the dilepton or lepton + jets de-
cay channels.

3. Stop squark search

The large top mass allows top quark’s
SUSY partners to mix, resulting in one light
(f1) and one heavy (f;) mass eigenstate. If
M(#1) < Miop, then the top quark branching
fraction B(t — #1%}) could be large. Some
models [14] predict B(t — #%9) ~ 50% and
a light chargino with M(%¥) < M (%), where
B(XF = q7'%2) = 6/9. We adopt these values,
and we also assume an LSP mass M(%}) =
20 GeV/c?. Under these circumstances, most
tf events would contain one SM top decay, and
one SUSY top decay. We search for events
where one top quark decays via t =+ W*b —
£vb, and the other top quark decays via

t o L+ o F+0+0 o @R ++R.

With the exception of the two LSPs, the result-
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ing W* + >3 jets final state of £vbgg'b%? %) has
the same topology as a SM ¢t decay to the “lep-
ton + jets” final state fvbgg’'b. However, the
LSPs soften the Er spectrum of the two jets
which originate from the ﬁ‘, compared to the
Er spectrum of jets from the decay of a W+
boson. This difference between the second- and
third-highest Ep jets in the events is exploited
to distinguish SUSY ¢f events, which contain at
least one t — £ %} decay, from SM tf decays.
The strategy of this search is very similar to
the one which finds top quark based on the
kinematics of the events [15].

First, we create a sample of events which
should be enriched in SUSY #f decays, and
will contain a negligible amount of non-t¢ back-
ground. We select ev + >3 jets events and
uv + >3 jets events, where the electron must
have E7 > 20 GeV, and the muon must have

Limit on M( t,) from top decay
CDF PRELIMINARY JLat=110 pb

]
&

N"\
2
=
8 160
=
(R -
3 140 —§
\§ N
0 B8
100 | i
Excluded at 95 % CL for
M, =I7SGeV/c M =20 Gevic®
w0 1 - BR(t— 1, + LSP) 2 50%
it W BR(1 > 7, + LSP) 2 45%
t BR(t— 1, + LSP) 2 40%
@ L LU L
f wpuoc VExcluded
P NN l i \ ; e
45 &0 75 90 105 120 135 150 165 175

M(NGeVIE)

Figure 8: Limits for the process ¢t — f1 %9 in the M(%1)
vs. M (x1 ) plane. Results are shown for three different
B(t -t x‘l’) Most of the available kinematic parame-
ter space is excluded for B(t — £, %9) > 50%.

Pr > 20 GeV/c. We require Er> 45 GeV,
which enhances the SUSY signal which con-
tains the two x}’s. We also require the pres-
ence of 2 jets with Er > 20 GeV and a third
jet with Ep > 15 GeV. One jet must originate
from a displaced vertex (SVX b-tag). Finally,
there must be evidence of a W* boson from
top quark in the event, in order to reduce the
QCD background. The W* bosons from QCD
processes have a steeply-falling Pr spectrum
relative to the Pr spectrum of W#’s from top
decay. We require that Pr(W*) > 50 GeV/c,
where Pp(W#) is reconstructed from the lep-
ton Pr and the Fr. Additional cuts are similar
to those in reference [15].

After applying these kinematic selection
criteria, and also requiring the SVX b-tag, 9
events remain. The second- and third-highest
Er jets for these 9 events are shown in Fig-
ure 6. Also shown are the corresponding Monte
Carlo (MC) distributions for SM #f events and



SUSY tt events. Based on these MC distribu-
tions, a quantity called “relative likelihood”,
In(Rz), may be formed [15] to determine if
an event is more SM-like or SUSY-like, based
on its measured jet energies. In Figure 7, this
quantity In(Rz) is plotted for MC samples of
SUSY tf events and SM tf events. Most SUSY
tt events would populate the region In(Rgz) <
-1 (“SUSY region”), while most SM ¢f decays
should have In(Rz) > -1 (“SM region”). None
of the 9 observed events are found in the signal
region In(Rg) < -1.

To set limits on stop production, we first
generate tt events with the ISAJET v7.06 MC
program, with constant values for B(t — £ %?),
M%), and M(%E). The In(R,) distribution
is determined for those events which pass the
kinematic selection criteria. We normalize the
number of these MC events in the SM region to
the observed number of events in that region,
to find the number of expected events in the
SUSY region. Taking into account systematic
errors, the parameter space is excluded at the
95% C.L. if 3.2 events or more are predicted in
the SUSY region. Figure 8 shows the exclud-
ed region in the M(#) vs. M(%%) plane, for
three assumed values for B(t — #;%). Most
of the kinematically allowed parameter space
is excluded for B(t = {1 %3) > 50%.

4. Chargino-Neutralino search

A trilepton + B signature which has a very
small SM background arises from direct pro-
duction of chargino-neutralino pairs, followed
by their subsequent decay into leptons,

pp = XX — () (EER).

The )”(i’: and %3 decays are mediated by virtual
W=s and Z%, and virtual sleptons. The mass-
es of the sleptons are related to the squark and
gluino masses according to the predictions of
SUGRA-inspired models [16].
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-
o

.......

o-BR() X0~ trileptons + X) (pb)

- M@ ~3MGH

M) = M@* - M) 0,

- "0 R TN
10" |- Baeretal, PRD 47,2739 (1993) 53 KONGRS
E tan B =2, 1= -400 GeV/c '~~.-;§1,(f4’)
[ Isajet7.20 + CTEQ3LLO o
B0+ CIEQSILO ) e R

80 Bi 80 95 ‘;00
M(x}) (GeVich)

60 & 60 65 70 75

Figure 9: Values of oc(pp — %ix3) - B(REX —
trileptons + ¥t) which are excluded by this analy-
sis lie above the 95% C.L. upper limit line. Theo-
retical values for ¢ - B are plotted for several values
of M(§)/M(g). These results are valid for tang = 2
and g = -400 GeV/c®. Our best limit is M(XE) >
81.5 GeV/c2, for M(§) = M(§), tanf = 2 and u =
-600 GeV/c2.

wtp~ pair, a third lepton, and Er > 15 GeV.
One lepton must have Er > 11 GeV and
pass tight identification requirements, while
the other two leptons must have Er > 5 GeV
and pass looser identification cuts. Events
with opposite-charge leptons which are con-
sistent with J/vy, T, or Z9 resonances are re-
moved. Before requiring B> 15 GeV, 8.0 £
1.6 background events are expected and 7 are
observed in 107 pb~! of data. After requiring
F:> 15 GeV, 1.2 £ 0.24 background events
are expected, and 0 are observed. Most of the
background is due to Drell-Yan dilepton events
which contain a third “fake” lepton from a jet,
a decay-in-flight, or an underlying event.

This analysis excludes o(pp — Xix3) -
B(%E%3 — trileptons + Br) which are large
enough to predict at least 3.2 trilepton events.
This 95% C.L. upper limit on o - B is shown
as a function of M(%¥) in Figure 9, for tan3



= 2, and p = -400 GeV/c?. This limit im-
proves with increasing )'(ih mass, since higher-
mass )"(its (and hence, higher-mass ¥3s) decay
to more energetic leptons which have increased
efficiency for satisfying the lepton ET require-
ments. Also shown in Figure 9 are the the-
oretical predictions for ¢ - B from the ISAJET
v7.20 Monte Carlo program for several squark-
gluino mass ratios. Not shown is our best limit
M(%¥E) > 81.5GeV/c? (a-B < 0.35), for M(§)
= M(§), tanf = 2, and p = -600 GeV/c?.

The limits become diminished with increas-
ing M(§)/M(g). As M(§) increases, o(pp —
%E%3) increases because a t-channel virtu-
al § exchange diagram, which interferes de-
structively with the s-channel W+ exchange
diagram for )21':)2‘2’ production, becomes sup-
pressed. However, as M(§)/M(§) increases,
this effect is overshadowed by an increase in the
slepton masses, resulting in decreased branch-
ing fractions of the )”(f: and %3 to leptons.

5. Searches for R-parity violating squark
and LSP decays

The excess of high-Q2 events observed at
H1 [17] and Zeus [18] may indicate the pres-
ence of a resonance corresponding to a mass
of 200 GeV/c?. It has been proposed [19,20]
that within the framework of the MSSM, these
events could arise from the B, production and
decay of the charm squark, ed — &1 — ed. An
R,-conserving charm squark decay followed by
an R, LSP decay, &L — c¢(X? — q¢d'e), could
have a branching fraction comparable to the
é; — ed decay that is hypothesized to have
been observed [21]. We search for both of
these decays at CDF, which proceed through a
lepton-number violating coupling Aj,; [19,20].

5.1. Search for ¢L — ed

At the Tevatron, we search for gluino pair
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Figure 10: Excluded regions for the Rj-violating
squark decay &é; — ed in the degenerate squark mass
vs. gluino mass plane, if M(ér) = 200 GeV/c?.

production, followed by the decay
G — (¢ér)(@ér) — (eetd)(eetd) or cec.,

where “c.c.” denotes the “charge-conjugated”
state, and M (&r) = 200 GeV/c?. A like-charge
electron + jets signature with a small SM back-
ground is expected in 1/2 of all these decays
which contain ee in the final state, because the
gluino decays to ¢ and its charge-conjugate
state cé;, with equal probability. The charm
squark does not decay into the )Zli or %Y since
it is assumed that M (%), M%) > M(ér).

Candidate events must contain 2 like-
charge isolated electrons with Er > 15 GeV
and 2 jets with Er > 15 GeV. We also re-
ject events which contain a significant amount
of By, in contrast to most searches for Rp-
conserving decays which are expected to pro-
duce an LSP that is stable and escapes detec-
tion. No events are observed in 105 pb~! of
data, which is consistent with background es-
timates from ¢Z, bb and cé production.

With a signal efficiency of about 15% for



a large range of M(g), we find o(pp — 33)
B(§§ — e*e* + X) > 0.19 pb at the 95% C.L.
We exclude parameter space if this value of
0.19 pb is lower than the next-to-leading order
(NLO) theoretical gg cross section [22] multi-
plied by its theoretical branching fraction to
like-charge dielectrons [19]. In Figure 10, the
excluded region is shown in the M (§) vs. M(g)
plane, for B(é, — ed) = 0.5 and 1.0. The value
B(é, — ed) = 1.0 is preferable to explain the
HERA results. However, the null result in the
CDF [23] and D@ [24] searches for the first-
generation leptoquark L@Q1, with B(LQ1 —
ed) = 1.0 and M(LQ1) = 200 GeV/c?, mo-
tivates the value B(ér — ed) = 0.5, since the
production and decay of LG1 and & are as-
sumed to be kinematically identical at HERA.

At high degenerate squark mass M(§), the
gluino only decays to ¢ér,, while for lower M (g),
the gluino decays to other squark flavors as
well. However, in the assumed model, only
the &, has the R, coupling that allows like-
charge electrons in the final state. This ex-
plains the degradation in the limit with de-
creasing M(§) for constant M(g), shown in
Figure 10. Our sensitivity vanishes for M(§)
< 260 GeV/c?, where M(by) becomes lighter
than 200 GeV/c?, and the decay § — bby, dom-
inates over the decay § — ¢¢r.

5.2. Search for X9 — qg'e*

It has been shown [21] that the R,-
conserving decay &, — c¥) can compete with
the R,-violating decay é; — ed which was just
described. According to the model proposed
in reference [21], a like-charge dielectron sig-
nal could arise from

= Re o o B i
pp — &éL — X F co(gqe™)e(gd'e”)
where the é decay conserves R-parity, while

the % decay violates R-parity. If we assume
that B(ér — ¢x?) = 1.0, and B(%} = ¢q7'e®)

= 0.5 (the x§ also decays to neutrinos), then

these decays will result in a like-charge dielec-

tron + jets signature 1/8 of the time. Events

are required to satisfy the same selection crite-

ria which are applied for the é;, — ed search.
It is assumed that

M(%E) > M@EL) > M(X)), M(XE) =~ 22M (%)

where the first relation suppresses charm
squark decays to a chargino, and the second
relation arises from gaugino mass unification.
Thus, for a set value of M(éy), we are sen-
sitive to ¥} masses in the range M(ér)/2 <
M(A) < M(e) - M(c).

We calculate, for each charm squark and
neutralino mass, the upper limit cross section
times branching fraction to like-charge elec-
trons. We compare our results with theoretical
predictions in Figure 11. Our 95% C.L. upper
limits are plotted as a function of M(ér), for
the lightest and heaviest values of M (%?) which
are allowed. We are sensitive to a smaller o - B
for the heavier neutralino, which produces a
harder electron Er spectrum resulting in an
increased efficiency for satisfying the electron
Er requirement. Also shown is the leading-
order é1,ér, cross section from the ISAJET v7.06
program, multiplied by a branching fraction of
1/8. Our sensitivity lies just below M(ér) =
150 GeV/c2.

Next, we make the assumption that 5 de-
generate squarks can decay via

b @ 3 0 F q(q7'e*)(q7'e®) -
Neutralino production will be enhanced from
the decays of 10 different squark-antisquark
pairs (5 flavors x 2 helicities). The correspond-
ing theoretical NLO ¢ cross section [25], mul-
tiplied by a branching ratio of 1/8, is shown
along with the 95% C.L. upper limit curves
from our analysis in Figure 12. The NLO
cross section exhibits a gluino mass depen-
dence, due to gluino exchange diagrams for u
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Figure 11: Upper limits for o(pp — éL81) - B(érér —
efe® + X) in the search for lepton-number violating
LSP decays. “X” contains at least 2 jets. The decay
& — cx? is allowed only if the value of M(%?) lies
between the two curves. Also shown is the leading-
order o(pp — &r8r) prediction from ISAJET multi-
plied by a factor of 1/8, which is the maximum ex-
pected branching fraction for &8z, decay to like-charge
electrons. The B(ér, — ¢x3) is assumed to be 1.0.

.and d quarks. We set gluino and neutralino
mass-dependent lower limits on the degener-
ate squark mass between 210 and 270 GeV/c?.
We note that these limits are determined using
B(G = q%?) = 1.0, whereas B(é;, — ed) must
be appreciable to explain the HERA results.
However, even allowing for this, our analysis
is still sensitive to the region of 200 GeV/c?,
depending on the values of M (§) and M (?).

6. Conclusions

No evidence for supersymmetric particle
production is observed. Values of Mg+ as
large as 170 GeV/c? have been excluded for
large B(t — H*b). For i, we exclude most
of the allowed parameter space if B(t — #; %}
> 50%, assuming M (%) = 20 GeV/c?. Our
best limit on the chargino mass is M(¥) >
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Figure 12: This plot contains the same experimental
upper limits shown in Figure 11. However, now we as-
sume that 5 degenerate squark flavors can decay via
G — g%9 — gqd'e. Also shown is the NLO cross section
o(§§) calculated for three different values of M(§), and
multiplied by a branching fraction of 1/8. Our sensi-
tivity is substantially increased, and we exclude degen-
erate squark masses between 210 and 270 GeV/c? de-
pending upon the M(3) and M(%?). The B(G — ¢i?)
is assumed to be 1.0.

81.5 GeV/c?, assuming M(G) = M(g), tangl
= 2, and p = -600 GeV/c?. Assuming that
B(ér — ed) = 0.5, we can exclude M (ér)
200 GeV/c?. We also search for the competing
decay &1, — c(X? — gd'e*), and exclude M (ér,)
as large as 140 GeV/c?. Finally, if 10 degen-
erate squarks decay via § — (%) — q@'e®),
then we exclude M(§) < 215 GeV/c?.
Currently CDF continues to analyze Run 1
data. We are also upgrading the detector for
Run II, scheduled to begin in the year 2000.
The upgraded Tevatron will have a center-of-
mass energy of +/s = 2.0 TeV and an instan-
taneous luminosity of £ ~ 2 x 103 cm?s™1.
During the first two years of running, about 2
fb~1 of data should be collected, which is al-
most a 20-fold increase in the present data set.
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